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PROCEDE EX INSTALLATION DE FORAGE ET DE CHEMISAGE DOJN 
PUTTS, NOTAMMENT DTJN PUTTS DE FORAGE PETROL I ER, AU 
MOYEN DE TRONCONS TUBULAIRES ABOUT ES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

present* invention concen*^ 
notammenl ua pints de forage p&rolicr, as moyen d'ua ensemble de tronooas tubulaircs 

- ou prtTorroee - similaires. imtklemecl soupks, aptes k etre replied Icagitoduu^emaU 
sir dtaMDtao pour to introduces dm le poits.pubitod^itendialcaiemtoas 

5 TefTet d'unt pressioa interne pour prendre une forme cylindrique, et enfia a fcre 
rigufifitcs j P situ par polymensation de leur paroi, rencombrement transversa* d'uoc 
preTormc repliee tttnt de dirneosion maximal sansiblement infeneurc a too diamctre 
interne a I'elttl dep!i£» el ksdifes preTormes possenant ane portion d'extremite* dont le 
<jiamMre - apres depJiement • est legerernent supericur k oclui de la preTorme, oe qui 

10 pennet leur jonction bout-a-bout par emboTtemecU avec lecouvrement de Udite portioo 
d'extremite. 

Ainsi. en recourant a ce type de preTorme. qui eat conmie en aoi 

- notammenc par le document WOA-94/21887 - il cat possible d'obtcnir tin chemisage 
d'un diametrc constant sur toute la longuear du puils. 

15 a eel egard, il oouvient de rappeler qu^vec des chernisagea (ou tubagea) 

tiatfttcsmels consumes par dea tubes ea acier k on eat oblig* d'utiltser dee troncons 
tubulaires lelescooiques, a diamctre decrciitant en direction du food du puits, ce qui pose 
dea profalemes d'irmalfaoon etd'exrioitation ulteneure du puits. 

L'objcctif de 1 'invention est de p r op o ser un proceed de forage et de 

20 chemisage du puits, a 1'aide de prcTormcs du type mentionr* ci^deesus, qui puiase itre 
mis en ocuvre de maniere simpie et rapide, a fai We ooflt 

four cesa, et coofonn^meoi a rinveotioo. on commence par mettre en 
place un premier tronc^ducWder 
troooop 6tant touraee vers le las. 

25 U prooSdceeloo Hrivention comprend les Aapes sui varices r 

a) on Tail passer axialement, de haut en bas, a travers ledit trooooo. uo 
outil de forage, et on fore au-dessous et dans le proJongemeot de ce troneon un trou de 
forme et de prof ondeur adaptors pour recevoir le troncon suivant ; 

b) on retire rootO de forage ; 

30 c) on introduit une prcTorme, k Vim replid\ a Pinteneur du puits en la 

faisant traverser k troncon deja en pUce, ct on U poaiuoone coovenablement a I* inteneur 
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du trou, a portion d'extremit* haute venanl *c placer 1 rintencur de to portion d'ex- 
tre^te*c1argfedutroo9on; 

d) on introduil un ciment fluide au rood du trou, autour de la portion 

d'extreraite* basse deUpreTorme; 
5 e) oo introdirit un fluide sous pression, de dcoa\6 aupeneure a U densite* 

du ciment. a rintencur de la preTorme aTtn de U deplier radial ement, progress vemeatdc 
bu en haut. en refoulant le ciment, cgalMnect de baa en bam, autour de la preTorme, 
contra la paroi du trou ; 

Q tout en maintenant la preTorme aoua pression interne, on en chauiTe U 

10 paroi pour la polymeriscr; 

g) |c ciment ayant pro. et la preforme ayant durci poor consumer un 
troocon tubulaire ri gide de chemisage, on retire axialeincnt tea outiUagei ayant servi au 
gonlUgeet a U polymerisation^ 

b) on rcltere roperafcon pour lea troncooa auivanta, jusqu'a obtenir la 
15 longueur de putts chemist aouhaitec 

Lorsqoe, comme cela sera exptique* plus loin, la preTorme preaenle des 
reserves de resine aptes a migrer vers rexterieur pour former des venous annuiaire* 
d-ftancbeite-. le pocttionnemeat de ces venous est realise* au dfiait oe I'ftape f risfcasux. 

De maniere parn'cutiercrocnt avantageuse, on utilise un outil de forage cm 

20 genre trepan, aptc a co»d^ 

premier *at d'encombrcment minimal, lus penncttant de passer a rinteneur du troncoo 
o^ja en plaee. un second <tai, d'eiico^ 

princii^eAitrouetra d'encombrement maximal, pour le forage de la 

partie du trou destinee a recevoir la portioD dargic de la preTorme. 
25 Dwaunrac^dcre^tsation 

a la pol yinensauon de U preTorme, ainstqu'i la distribution du ciroent, comprend une lete 

adouWe valve piacee en partie 

nuidedegotu^arinlerieuro^ 

L'instalUtion de forage et de chemisage, qui fait egatement partie de la 
30 pre«temveira*on,servartkUoiiK 

qu'elle comprend, en tele de puits : 

- une bobine de stockage et de reception, a I'dmi enroule. de ladite 

preTorme ; 

- une tfte surpiombant rentree du puiu, apte a permettrc le guidagc et 
35 rmtroduction. dans le puits, deU preTorme et des difTeVents outillagea servant au forage 

du pints aiiisi qu'au gonrtage et i U po^ 
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- dci bobines de etodoge a 1 'etat enroute de tubes mftalliques elastique- 
meat deTormables aptes i faiir descendrt ct rtmocter lesdits ootillaga dans le puits, I *un 
de ob9 tubes contenant uo dWe servant a Palimentation de la preTorme en courant 
electrique; 

- un geoermteui de cuunmt flcctriquc 

D'autres caractemUquca et avantages de {'invention appaxaftront dc la 
description et da destins annexes qui en represented, a simple titro d'excmples non 
liiwtattffun mode de miie eaow 

Svrces detains: 

•lea figures 1 a 4 soot des vues schematiquea* en coupe axiale, montrant 
tea differaitB* €tapes de rooeratioa de fbrmge de la partie de prits qui doit leeevoir la 
perforate ; - 

• la figure 5 est unc vue acMmanquc d'une preTorme et de I'outillage dont 
eUe est aoudaire, avaal mise en place, dans Ke puits ; 

- les figures 6 at 7 sent des vucs partieUes de i'extrtmil^ basse de la 
preTorme, destieies a tllustrtr le principe de la double valve dont est pourvue U fete 
d'outUtsge; 

- les figures 8 a 15 iUustrenl let differentes etapes demise en pUced'une 
prtfocmcauboutd'unUOo^onddiaTOpUcc; 

- la figure 16 reprtscnte schemaliquemenu en coupe axiale, un poits 
chemise* pmr trois trooccos coaxiaux abouies ; 

• la figure 1 7 eat one vue schem&tique mooirant les tfifferenU maienels 

constitufafs de I 1 imtaltalkm, eitues en surface (the de puits) ; 

- lea figures 18 130 -a echelle plus petile - iltustrcnt le fooctic«neraent de 
rmstallatkm tti cows des d^^ 

La figure 1 tepresente rextremite* basse d un puits vertical en cours dc 
forage et da chemisage. Ce puits, imxxnpletement fore*, comporte un c bemi sa g e deja en 
place sous fonne d'un tube cytindhque rigide 2 presentaot une poruoo d'extremite* basse 
20elargie. 

Le duunetre D de cette partie 20 est legexement plus grand que le diarnetie 
d de la partie prindpele 2, a bien qu' U est possible d ft embotter les uns dans les autres des 
troncpes 2, avee recouvrement des parties d 'extremity 20. 

Lc troo^on de cfcembage 2 est scdle dam lc puats par un cunent peripheric 

que 200. 

Nous allons maintenant decrire de quelle maniere vatoe mis en place, a 
Taide du precede* de 1'urveotionjetr^^ 
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Pour cda. comme iilustrf aux figures I & 4, on commence par forcr un 
trou destine 4 rccevoir ce (ronton. 

A cet efTet oo utilise un outil de forage l f du genre trepan, qui a la 
particularity de pouvotr Ctre rftracte* ou dilate* radial cm cot, dans trots etais d'cncom- 

5 brcmeotdtff crests. 

Dans un premier tot. iliustrf a la figure U Poutil est rt tract* au maximum 
de idle maniere que aa plus grande dimension transvemle autorise son Hbre passage a 
I 'Laterieur da troncon Z jjdalemcnf a travcrs cdiri-ci 
Damccx^sottcncoobrm 
10 De maniere ooonue, Toatil de forage 1 est fix* a rextremite d*une tige 

ubmaiie 10, qui parte k mocear d'entramement (two lesafsente) de Toutil en rotation, ec 
les organes assurant son deploiement ou sa contraction radiak. 

Comme on it verra plus loin, la age lOest montAr a t'extrdmit* d'on tube 
mltalltque apie I toe enroule* sur un tambour reoepteur dispose* en surface, en tftte de 
IS putts. 

Dons un second flat de denotement radial, plustrt a la figure 2. la partie 
coopante 12 de V outil possede un diamelrc de travail ^enablement egal a D. 

L'outa ayant 6ti deacendu axialemeei dans )e pints, a travcrs le cubage 2 
de]a en place, on provoque ce deploiement radial au cfiamtoe D lorequ'ti est arrive" a 
20 l'iat£fieardetai>ortta 

vantndesoentecocnmeillnsn^ 1- 

On realise sjnsi le forage d*un trou evtindrique au diamfetrc D, coaxial au 
troocon 2, dans le prokwgement de cetuM, dans fe sol S. 

La profondeur de forage correspond a la longueur du tronoon que Ton 

75 souhaite rnettre en place 

L'outil 1 possede des organes de coupe addiuoonels tl qui peuvent etre 
deploy* radialemetit a un diamelre luperieur a D. aTtn de pouvoir rccevoir U portion 
el&rgte du ti un yu u a roettre en place. 

Comme iUustreala figure 3. par rernorUee de I'outU scion F 3 , on realise 
30 ejrrri on rtfirgi n—-* «* " tfou ^ nr una certaine hauteur 

A la figure 4 on a design* par la ieYe^er»3e 30 la parddeU partie pri 
duttou3,perUieTci*nee3IUpara 

basse du trou. dent le diamctrc D cat le ixieme que celuideU partie 30. 

La preT banc 4 lepreaeutee scnematiquementaUfis^ 
35 general que crile decrite en detail dans k WOA-94/21B87 deja cite. 
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Ndanmoics, die est ddpourvue dans n parte basse d'un orgaae ofeurateur 
gooilable, du fait qu'on a affaire a un trou borgnc ; de plus, U prefonne 4 possfcte une 
portion d'extrfcnittS basse 40 de section clargie. 

La preforme 4 est support^ par une bge tobulaire5enaricr. ewoolaWe 
5 sur un tambour de itockage iiiue en surface* et qui pennct de la faire descendre a 
rinterieur du pules. et dotal fourair les fluides de timcntauou et de gonJIage, ainsi que 
lenergk dlectrique poor la potymfrisatioci de la preforme, par I'iitferniediaire d'un 
dtsfKMttfde lacoordeoestSOO rd^ 

la preTorme el sc {accordant eo parte basse de cdlc-d a une tftte de distribution 51. 
10 Ce type ae tige d'ackr eimwlable est ccwxwnaiem designee dans le roAies 

par le tonne anglais "COILED TUBINCT - en abrfg* **CT. W •. 

Cotnmc cda est dtait dans le WO-A-94/21887 deja rite, la preforme est 

obojrfc ascs extrtoitfs haute et basse, de manierc etanche, par des manrhnm arracha- 

bie* el/ou dfaaipahfa en fin d'aptatioa 
15 La late distributrice 51 possede une double valve 52. 53. acuotwabJe 

sdecuvement (depuis la surf ace), 

Commc iUustre* aux figures 6 et 7, la valve 52 pennct de distribuer un 

fluidedegonnafearinte^ 

distribucr un dmott fluide a la base de la preT 6nne,aI , €xtfrie»irdearile^(n6cbesJ). 
20 Commt iuuttrf a ia figure 8, la preforme 4 - qui se trouve uudalcment a 

1 *dtat radialement rcptid - est descendue dans k trou 3 axialetnent, du haut vets le bas, a 

travers le tronoon de chemisage 2 deja en place. 

Bten emendu, pour que ccci soil possible, U est necessaire que I 'encom- 

biement transversal deUprefcn^ 
25 deplice. qui correspond*^ 

Lorsquc la preTorme est rcpliee sur dle-mtae, die presenle une section en 

"IT ou en forme d'escargot - comme Ulustre par example aux figures 6A et 615, 

respecti vemcnt da document WOA-94/256S5 ; lorsqu'dlc est deptiee die presente une 

sectkMdrcuudne. 

30 Uprtfonije4otpo64tiocDcedwicuxxi3detdJe msniereque ssportioo 

d'extre^tf pi us large 40 te trouve en regartdel^ ; la longueur 

du trou 3 est determine pour que. dans cette position, la portion supencurt de la 
preTonne se irouve en regsrd <fe rd 

On precede aiors a rejection d'une dose de dmentliquide6ilabasedela 
35 preTonnc, via U valve S3 (fleches J, figure 9). 

Le cunent est cboisi pour avoir une density votsine - voire legerement 
supericure - de edle de U boue liquide 7 sc trouvant dans le puits. 
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L'arrivce<fcdnjemalabasc^ ^ 

Comme illustrf a la figure 10. on precede ensuite au gonflage dc la 
preTorme, ea injectsnt un fluide sous pression a Pint^rieur de celle-d, via la valve 52 
5 (necncsl). 

n s'agit soil d'un liqukfc introduit dc Tcxtcficur (depuis la tfte de puits) 
parte conduit 5 dans la j»«TofTne,soitd^ present dans le 

puits ct pompe 1 dans la preTorme. 

Uuquidcdegoiunageesiavanu^^ 
10 legewncrtsupeiittirencdkdud 

gonflage va we faire fmjgressivemeot du bas vers !e hmut. com me symbolise* par les 
flecbesGaU figure m 

A deTaut. la progression du gonflage du bas vers le haut peul fitre contrfilee 
en prevoyant. le long de la preTorme. une serie de bagues de contention frangible*, dont 
15 le seuU de rupture est adapts a ce seiu de progression. 

Le rimcat est par consequent refoalc 6ga3eroeni de bas en haut contre la 
paroi du pints, oomme symbolise par La flfcchc H. tandis que la bouc 7 se crouve cnassee 
vers le haut 

De preference 1c volume de cimcnt periphenque n'est pas suflisant pour 
20 tneiiiareUparlkhatitea^U uaison saw cimiat dans 

la zone de jonctioo cntre les portions d'extremit* des deux troncons 2 et 4 (voir figure 
II). 

r> preference, UpreT^ 
eaaud, prise en sandwich entre une pean inteneure et une peau cxterieure elaalkroes, et 
25 munie, cote* inteneur, d'une reserve contenant de la tesine aptc a migrer vera l'exteneur 
pour former des bourrelets annulaires favorisant rancrage ct V&*xb6\tt du tubage contre 
la paroi du puits. 

Une preTorme de ce genre est decrite dans la demande de brevet fnmcais 
94 08691 deposec le 7 juUlct 1994 par la fcaninderessc, et dans son extension interna- 
30 UooilePCr/FR9V00902. 

Ces venous annulaires, repertis tout le long dc la prfforate sont references 
9 ; de preference il est prCvu une density plus grande de verrous (e'est-a-dire un 
ecaotemcm plus fatWe eiwx 

mmniere a assurer une bonne tuncheit* dans In liaison bout-a-bout des diffdrenti 
35 troncons. 

Le cnaufTage et la polymerisation de la preTorme sont realises une fois lc 
gonRagc terming Up^ 
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A litre uid^r,UprcssiOiiLDtere 15 bus. 

Lb duuiflage de la preTorme peut K fair* sou ca introduisaftt ua fluid* 
chaud * i 'mleneur da la prffonne. foit par reaction chimiquc cxcXbcnnSque, loil encore - 
de pM6 rence - per etTct Joule, an moyen de rtsUtwos cHectriques (fill chau/Tants) 
5 dijpoeecj dans la peroJ dc la preTorme ou i proximite de celle-ci. d aliraenteles en courani 
electrique depun la*tedepuits,vialatige- "Coded Tubing" - 5 

A tint indicanT. la temperature *bcmmhUpclyu*xia6<xicMdtV<vdie 
de UOi 140X,etUdureedc cette *tape est <kT^^ 

Loaque La polymerisation da verms 9eidela paroi de preforms est 
10 terminee, et que le ciment 6 a fait am priae (figure 12). ca retire l\**Uage 500, SO, 51 
(flecteK. figure 13). 

On iastalle alora un outil de coupe (501) a Pextremite* du tube 5, et on 
decoupe le nuacboo de^anchfite* de l l extretntte' haute de la preTorme (potymeriaee) 4* 
(figure 14). qu'on arraebe ensuite. On opere de la m*me maniere pour le manchoo 
15 infencur. 

Onobdcntalarsuntroncpndec^^ 
mem le nibege r**ce<fent 2 (voir figure 15). 

[/operation qui vient d'etre decrice est bien $Qr reiteree, troacon apres 
troncon, afin d'ob*nir la profondeur de puits chemise - souhaitee. 
20 Dans un mode de realisation possible de la preTorme, celk-ci a une tme 

composes a 30% de resne epoxy et a 70% de fibres de verre, cette tee ayent une 
epeisteur dc l'ordre de 14mm ; lea peaux interieure et exterieurt, es caoutchouc 
syathe^que, ont respe^veineat un^ 

A tttre indicatif. la portion principale de la preTorme 4 posstde. a V6&1 
25 de^.ttndiametreinterieurdcror^ 

184mm, tandis que la portion elargie 40 possede un diametre interieur de Pordre de 
188mm et un cfiametxe cxterieur de I 'ordre de 236mm. 

Lea portions 30-32 ct 31 du puits ont dea diametreanwyensdc roidrede 
197mm et de 244,3am, respecti vement 
30 Lalongueurdesdfrertsta 

simple titre indicatif, la longueur d*unc preTorme pcut fare de I , ordre de 50to. 

La figure 16 represente un puits P chemise' pax un ensemble de trais 
troncons 2A. 2B et 2C aboutes et cimeates. 

La figure 17 rerxtscnte tchematiquenient une installation de tfce de puits 
35 qui pcrmctde mettre ca oeuvre le proceae* seloa I' invention. 

Sur cette figure, la tele de puits. refeVencec 55. est equipee d'une structure 
mltallique (chassis) 100 entouranl la tetede puits. 
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Cede structure 100 pone un iojectcur 101 pourw d'un sabot d'appui 102, 
et KrvMt a supporter a k pousscr k* di ITereats matdrids lorsqu *ils soct desceodus dans 
le putts ou retire* de cctui-ci ; die se trouve a Ptplomb del' entree du pujti. 

On a design* par la reference 54 on tambour dc stodcage sur kqud est 
5 cnroul6c»pr*fonne;ete 

La icTcrcaee 540 dengue ua sabot de support et cfe gwdage de la preTonne 

al>ntreedupuits. 

Lea icTaraoei 56 et 57 designeat da 
et stocks reapecuvemeot tea tube* XT." (Coiled Tubing) 560 et 5. 
10 Le tube 560 acrt a supporter et a deplacer roctil de forage ; le tube 5 

(coauiicdeji<fiQ sen a supporter la fluides dc gonflage et de 

cimcalation a la prtfonne.eti la connecter a une source de courant electrique (pour la 

prfynteaaalioii). 

L'eUectriril* est fouraie par un genenteur fiectrique 58. 
15 UreTeracc 59 dengue une catm 

De maraere clasaque, I 'entree du putts a forer est iniuatoment garoie d'un 

cuvetage 550. 

Le trepan 1 est adapt* a rextrtmit* du tube 560, lequel est deroul* du 
tambour recepteur 56, support* et guide* par le sabot 102, puis pouss* par I'injectecr 101 

20 (voir figure 18). 

On procede ilora «u forage du trou, dc forme *tagee 3, destin* a recevoir 

le premier troncoo (figure 19). 

Apres mUe en place de la preTorme , cimentation et miae au rood, et enfln 
polyroeVisancoiasM deceit 
25 on retire lecaidmt central^ 

54 (vide) sur taqudle *tait initialement stockee la preTorme (figure 20). 

U preTorme setroureaboute^de mam 

On dcTait ensuile las connexions hydraulique el *lectrique avec la 
preTorme, on instmlle et on aceJle de manicrc Oaache autour dc la tete du puita un 
30 appamlbgede s*mrit*ad-hoc A.ceci par une technique convaitioofieUe (figure 21). 

A Kaide de Toutil de coupe 501, port* par le tube 5, on decoupe lea 
mancbons d'toncbiit* hautetbas (figure 22). 

L**tape suivaate coosiste a forer la section suivante, pour obteoir un trou 
*ag* 3 proioogeant le uoocon 2 (figure 23). 
35 Ens»te.oncaUbrelesdiametreseto^ 
du trou3. i Taide d'un instnime^ 

On met en place udc nouvdle preTorme (ft jure 25). 
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On U fait deacendre dans 1c puitt, ctoola positioune conv m ah lcmm t dans 
le tnxi 3. On la connecte au cube 5, at on procede au gooflage, a la dmealation, eta la 
polymenxaticm (figure 26}. 

On retire le conduit central 50, qu'on remonte et qu'on coroule aur le 
tambour ricepteux 54 (fifurea 27 et 28). 

On suspcai 1 'aril dc coupe 50 1 au tube 5, et on Ic descend pour decouper 
lea manchons d'extieini^ (figure 29). 

OnciiticntaiisdeuAtroncm 
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1. Proofde* pour forcr et chcmiser un puits. notammeni un puits dc forage 
p^Croiier, au moyeo d'ua ensemble de troncons tubuJaires - ou preTormes - «miUirca. 
irutialemenl soupies, aptes 4 tee replies longitudinakinent sur clles-meznes pour tore 
introduiies dans le puis, puis a etre deplieca radialement sous I'efTct d'unc press ton 

5 interne pour prendre une forme cyiindrique, et endo a Sue rigjktifiees inatu par polymeri- 
sation de leur paroi, rencc«nbremeut transversal d une preTonne replied c*tant de 
dimension auudmale seasjbkment tsf erieure a son duunetre interne a 1'eHat deptie\ et 
iesdites preTormes (4) potseVUnt one portion d'extrtai* (40) dont le diam&re • epres 
depliement - est fcgerernenx superieur a cdui du reste dc U prtYorme, cc qui permet ieur 
10 janction bout-a-bout par cmbotterncnt avec recouvranent de latn'te portion d'extremite" 
(40) r caracterisc* par le fait que, un premier troncon (2) ayani e*u< mis en place du cot* dc 
r entree du puits, am portion d'extrtrai ti dargie (40) tournec vera le baa, 

a) on fait passer axialement, de haut en bas a travers ledit troocon (2). un 
ounM de forage (1), etoo fore au-dessous et dans le prolongexnent de ce troncon (2) on 

15 trou (3) de forme et de profoodeur adaptees pour rtcevoir le troncon suivani ; 

b) on retire Touti) de forage ( 1) ; 

c) on introdait une preTonne (4) f a l*cKat replied aTinteneurdu puits en la 
faiaant traverser le troocon (2) deja en place, et on la positionne convenaWement a 
rinterieur du trou (3), sa portion d'extrtmitf haute veaant se placer a rinterieur de la 

20 portion d'extrfmi* flargie (40) du troncon (2) ; 

d) on intxodutt un anient fluide (6) au fond du trou (3). aulour de la 
portion d'extremite* basse de la preTorrne ; 

e) on tntroduit tin fluide sous pression (8). de densite* supeneure a la 
densite' du cunent (6) v a rinterieur de la preTorrne (4) aftn de la depiier radialement, 

25 progress* voneut de bas en h«ut, en refoulanl le cimeut, egalement de bas en ham, amour 
de la preTorrne, contre la paroi du trou (3); 

OtoutennuinteoajU la preTonne sous pression interne, on ea chaufTe la 
paroi pour UpoiyrneViser ; 

g) le cunent ayant pris, et la preTonne ayant durci pour constituer un 
30 troocon tubuUire rigide de ctonisage (4*). on retire axiatement lea outillages ayant servi 

augonflageetaUpolymensalicmac 

h) on renter* r operation pour les troncons suivants, jmqu'a obtcnir la 
longueur de puits chemise* souhaitee. 

2. Proo6de-*dco revendicaUoo 1. caractense* par le fait qu'on utilise un 
35 outil de forage ( I ) du genre trtpia, apte a occuper selecti vcnwrU trou &ats de contraction 
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radiate, a avoir un premier tot d'encombrement minimal, lui penneuant de passer a 
Hnierieur du troncoa (2) deja eo place, on second <tat. d'encombrement intcrme<iiaire, 
pour !e forage de la pxrtie principalc (30) du trou (3) ct un troisieme 6at, d'encombecment 
maximal, pour le forage dc la partic (31) du trou (3) destinee a recevoir la portion elargie 
5 deUpr6forme(4). 

3.ProoWaelonUfevendicatioo 1 ou 2, caractense* par le fait que ledit 
outttlage oomprend use Vttc (SI) a double valve (52. 53) ptacec en partic basse de la 
preTom*(4).etiptead^ 

preTortne (4) el on cimetU Rude (7) a Text^ettrdc ctfle-d. 
to 4 . Installation de forage el de cbemisage, dcsuoAe k U mhe en oenvrc du 

proedde selon I'une des revendicanont 1 a 3, caractAisec par le fait qu'elle compreod, en 
t&edu putts: 

- one bobine (54) de stockage et de reception, a V6t*t enroule\ de ladiie 

prfforroe(4); 

15 - une tfcte (101) surplombant Peutrfe (55) du puits, aptc a pennettre le 

guidage et i'liuroducuou dans le puits de la prtTorme (4) et des different* outUlages 
servant au forage dupuits ainsi qu'augonflagcetaUpolymensatioaac lapreTorme ; 

- des bobines (56, 57) de stockage a I *<tal enroul* de tubes mftalliquea 
flastiquemcnt deTormabks (560, 5) aptes a faire deseendre et reoianter ksdits ontillages 

20 dans le puits. Tun (5) deces tubes coo tenant un cftble servant a I'alimentation de la 
pceTorine eo couranl electrique ; 

- un generateurde courant electrique (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 

[vertical text in left margin:] FR 2 741 907 - Al 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED [NJSITU* 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms— that arc similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding— is slightly greater than that of the preform,, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammaticaily represents, in axial cross section, a well lined with 

three coaxial ly abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30— on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fi in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 11 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 11). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4 : (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagramiratically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 arc verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms— that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

1 5 b) the drill tool (1 ) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
thewallofthehole(3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
15 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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